This paper finds empirical support for the idea that term premiums arise when an excess supply of long-term bonds forces shorter holding period investors to bear price risk. The empirical support comes from the tax-exempt (municipal) bond market where an ex-ante measure of the expected excess return on long maturity bonds is significantly and negatively related to the size of the positions held by long holding period investors (property and casualty insurance companies) and hence negatively related to the extent that short holding period investors are required to hold long-term bonds. The required excess returns on longer term bonds (term premiums) would cause implied marginal tax rates to decline with maturity and thus are a new potential explanation for at least part of the "muni puzzle" (Chalmers, 1998).
Maturity Clienteles in the Municipal Bond Market: Term Premiums and the Muni Puzzle

I. Introduction
A sufficient condition for the existence of term premiums is that prices reflect interest rate risk borne by short horizon investors that plan to liquidate their positions in longterm bonds for consumption prior to maturity. This interest rate risk is potentially priced when the supply of long-term bonds exceeds the demand by investors with long holding periods and short horizon investors are the marginal investor in long-term bonds. Further, increases in the supply of long-term bonds or decreases in demand by long-term investors should increase the term premium by forcing either short horizon investors or risk arbitrageurs to hold more long-term bonds (Greenwood and Vayanos, 2010 ).
Our analysis of data from 1982-2011 of the tax-exempt bond market shows that proxies for the expected return premium on long-term tax-exempt bonds vary with the extent to which short horizon investors or arbitrage capital are required to hold longterm tax-exempt bonds as a result of changes in the demand for long-term bonds. Thus, our analysis complements the analysis of D'Amico and King (2013) that find evidence of a "local supply" effect around changes in the supply of Treasury bonds associated with the Federal Reserve's 2009 large scale asset purchase program: yields on bonds of maturities closest to maturities repurchased were more impacted by the supply shock.
The tax-exempt market is uniquely suited for examining how maturity-specific supply-demand imbalances impact bond pricing. Proxies for exogenous changes in maturity-specific demand exist since data are available on tax-exempt bond holdings by insurance companies (liability-driven long holding period investors) versus shorter holding period investors and arbitrage capital (Tender Option Bond (TOB) programs).
The exogenous variations in insurance company demand can be identified by fitting the relationship between insurance company municipal bond holdings and insurance company profitability. Finally, the maturity mix of tax-exempt bonds supplied is largely exogenous due to institutional constraints on issuers.
Proxies for the expected excess return on long-term tax-exempt bonds also exist.
We show that the ratio of the municipal bond forward rate to a taxable bond forward rate (the forward rate ratio) depends on (a) the expected excess return on long-term tax-exempt bonds, and (b) the expected future (or forward) marginal tax rate. Thus, the forward rate ratio, controlling for expected future marginal tax rates, provides an ex-ante measure of the expected excess return on long-term tax-exempt bonds.
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Our central finding is that the exogenous component of insurance company demand is significantly and negatively related to the forward rate ratio controlling for expected future tax rates. Long-term municipal bond prices rise relative to long-term taxable bond prices when long maturity buyer demand rises. Finding that demand by long holding period investors is negatively related to the forward rate ratio is consistent with the term premiums declining as less short horizon investors are forced to hold longterm bonds. If there is ample demand for long-term bonds or short horizon investors are not averse to price risk, then changes in insurance company holdings would not impact the forward rate ratio.
We also examine the role of arbitrage capital by including the supply of arbitrage capital (Tender Option Bond program positions) in the empirical analysis of term premiums. We find that (a) the exogenous variation in insurance company demand retains its statistically significant impact on term premiums and (b) the amount of arbitrage capital is negatively related to expected term premiums. The negative relationship between arbitrage capital and term premiums suggests an exogenous variation in the amount of arbitrage capital rather than changes in the amount of arbitrage capital reflecting greater profit opportunities in the trade.
The evidence consistent with term premiums in the tax-exempt market provided in this paper are a new potential explanation for at least part of the pervasive tendency for implied marginal tax rates to decline with maturity -the muni puzzle. 2 A required excess return on long-term bonds would cause the marginal tax rate implied from bond 1 As discussed in detail later, the forward rate ratio potentially depends on the yield compensation for forward credit risk, tax-timing options, liquidity, embedded call options and tax policy uncertainty in taxexempt bond prices. 2 Important papers that provide evidence of the muni puzzle include Trzcinka (1982) , Ang, Peterson, Peterson (1985) , Jordan and Pettway (1985) , Green (1993) , Chalmers (1998), and Longstaff (2011). yields to decline with maturity even though expected future tax rates are not expected to decline. Ferry (2006) describes practitioners' views of two potential reasons for the steeper slope of the tax-exempt curve: declining marginal tax rates. The first is uncertainty about investor's future tax rates or the tax treatment of municipal bonds.
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The second is the chronic excess supply of long-term tax-exempt bonds. The relationship between the steepness of the tax-exempt curve and the demand by long tax-exempt investors documented here supports the idea that this chronic long-term bond supply is priced.
The remainder of this paper proceeds as follows. In Section II we derive a relationship between the term premium and supply and demand at various maturities and motivate the empirical analysis in the context of the tax-exempt market. Section III presents the empirical analysis and Section IV concludes.
II. Term Premiums: Maturity-Specific Supply and Demand
This section provides a simple model of the pricing of municipal bonds relative to taxable bonds with maturity-specific investors in the municipal bond and arbitrage capital that profits from the expected term premium in the tax-exempt market and hedges the interest rate risk with taxable market interest rate swaps. The relationship between maturity and expected bond returns (i.e. term premiums) in the municipal bond market depend on the supply of and demand for different maturity bonds. The model is a simple formalization along the same lines of Vayanos and Vila (2009) of the intuitive preferred habitat ideas of Culbertson (1957) and Modigliani and Sutch (1966) .
The novel aspect of the model is the presence of two partially segmented markets. We show that the forward rate in the tax-exempt market relative to the forward rate in the taxable market (the forward rate ratio) is an ex-ante empirical proxy for expected excess returns in the tax-exempt market. We also provide testable implications of hedge fund behavior that relate the forward rate ratio to hedge fund positions. Finally, we provide a discussion of investors, issuers and arbitragers in the 3 See Brooks (2002) for evidence on the impact of tax policy uncertainty on the tax-exempt yield curve.
tax-exempt market that motivates the measurement of maturity-specific supply relative to demand used in the empirical analysis.
A. Model Set Up
The simple two-market set up is described by the riskless, zero-coupon one period rate, the expected future one period rate in one period, and the two period rate in the taxable and tax-exempt markets. (1-τ)*r 1T and E(r 1M ) = (1-τ)*E(r 1T ).
B. Maturity-Specific Supply and Demand
An investor in the municipal bond market that plans to liquidate her portfolio for consumption purposes in one period is subject to price risk if she holds a two period bond. Thus, a one period investor only purchases a two period bond when it has an expected one period return that is greater than r M1 as compensation for bearing this price risk.
The following simple example shows how the magnitude of the term premium as compensation for price risk varies with maturity-specific supply and demand. The exogenous supply of debt at each maturity is denoted . Investors are characterized by their holding period and their degree of price risk aversion , which denotes the additional required return on a two-period bond. RA k ≥ 0 for investors with a one period holding period and RA k = 0 for investors with a two period holding periods. Each investor has one dollar to invest and the total amount available to invest by investors with an -year holding-period is . Arbitrage capital is considered later. Consider the case where the supply and demand by maturity are as depicted in Table 1 . represents the supply of municipal bonds with periods to maturity. We examine the case where the net demand is greater than supply for 1-period bonds and supply is greater than demand for 2-period bonds.
Period of Bond
Investor Demand Municipal Supply Net 1 >
<
In this case, the supply of long-term (two periods to maturity) bonds exceeds the demand for long-term bonds by investors with long holding periods. Thus, -bonds are held by investors with a one period holding period. The marginal investor in the two period bonds is a one period investor. The one period expected return on a two period bond is higher than the expected return on the one period bond in order to compensate the marginal investor for price risk.
More importantly, the size of the term premium is an increasing function of -. The least price risk averse one period investors are the natural holders of the two period bond. Ifequals one dollar, then one period investor with lowest is the price setter in the two period bonds. If -grows to two dollars, then the investor with the next lowest is the marginal investor in the two-year bonds and the required expected return premium on the two-year bond increases.
C. Ex-Ante Term Premium Measures
Under the assumptions of this model, an ex-ante measure of the municipal bond market term premium (RA k ) is easily extracted from tax-exempt and taxable yields.
Specifically, our ex-ante term premium measure is related to the ratio of the municipal bond forward rate to a taxable bond forward rate (the forward rate ratio).
Given the term premium required to hold a two period municipal bond is > 0, the two year municipal bond rate,
, solves
Since no term premium is required to hold a two period taxable bond, the two-period taxable bond rate is
The one period taxable bond forward rate in one year (F T ) and the one period taxexempt bond forward rate in one year (F M ) are as follows:
Ex-ante information about excess expected returns in the tax-exempt market are contained in the "forward rate ratio,"
The forward rate ratio depends on the expected excess return from holding a longerterm tax-exempt bond and the future expected tax rate. Thus, controlling for the expected tax rate, the forward rate ratio is a compelling ex-ante measure of the term premium in the tax-exempt market or expected excess return from holding a longer-term bond tax-exempt bond.
The forward rate ratio warrants some discussion on a couple of dimensions. First, the notion that the forward rate ratio depends only on (a) the expected excess return in the tax-exempt bond market and (b) the expected tax rate relies on simplifying assumptions that are probably not empirically valid. The most compelling taxable bond curves to obtain data on taxable bond forward rates are in the Treasury bond and the LIBOR interest rate swap market. Tax-exempt bonds are less liquid that Treasury bonds and have more default risk than Treasury bonds, even though our analysis examines AAA-rated tax-exempt bonds. Thus, the forward rate ratio is likely to contain time varying premiums in the promised tax-exempt bond yields for credit risk and liquidity (Wang, Wu and Zhang, 2008) . Finally, the assumption that term premiums in the taxable bond market are zero may not hold, and there may be term premiums in Treasury bond prices or interest rate swap rates.
However, the goal of this analysis is not to provide expected return premiums that are as accurate as possible. Rather, our empirical analysis examines whether there is a statistically significant relationship between the forward rate ratio and the demand relative to supply for long-term tax-exempt bonds. Other factors that influence the forward rate ratio would simply create noise in the forward rate ratio as a measure of expected excess returns and bias against a finding.
Second, the forward rate ratio variable is a compelling ex-ante measure of expected excess returns in the tax-exempt bond market relative to the taxable bond market. This occurs because the markets are sufficiently segmented because of the tax treatments that term premiums could be greater in the tax-exempt but short-term rates and expected short-term rates remain related by the marginal tax rate.
Arbitrage capital that tries to capture the term premium in the tax-exempt market is an important player in the tax-exempt market. As discussed in detail in Bergstresser, Cohen and Shenai (2010) , Tender Option Bond (TOB) programs purchase long-term municipal bonds that are held in a trust. The trust is largely financed by issuing tax-exempt floating rate bonds. Thus, the owners of the trust own long-term bonds and financed by short-term bonds which results in an expected profit equal to the size of the term premium RA k .
The TOB programs can effectively hedge much of the interest rate risk in the position without giving up expected profits by taking interest rate derivative positions in the taxable market where the term premiums are lower or zero. Table 2 depicts the payoffs to the investors in a TOB in the context of our two period setting. 
The expected profit per dollar position in this strategy over two periods is RA k .
The risk to this strategy comes about from basis risk in the hedge (a change in the marginal tax rate) and credit risk in the long bond position rather than exposure to an increase in interest rates in the carry trade in Vayanos and Villa (2009) . However, this risk materialized in late 2008 when tax-exempt bond yields increased while Treasury yields and swap rates actually fell. This created margin calls and forced many TOB programs to unwind.
C. Municipal Bond Market Segmentation and Maturity Preferences
The empirical analysis relates the supply relative to demand of long-term taxexempt bonds to ex-ante measures of term premiums in the tax-exempt market. Such a relationship requires (1) an excess supply of long-term bonds, otherwise price risk is not priced, and (2) some exogenous variation in the supply relative to demand.
The supply of long-term municipal bonds is considerable and exogenous (Brown, 2011; Poterba, 1989) due to institutional constraints. Put another way, tax-exempt issuers issue long-term bonds in spite of a potentially higher cost for the following reasons. First, in order to maintain a high-quality credit rating and manage investor credit risk concerns, tax-exempt issuers must meet certain coverage ratios. Thus, taxexempt issuance is often a serial structure (multiple bonds of various maturities simultaneously issued) so that the annual debt service does not exceed a certain percentage expected tax revenues (general obligation bonds) or expected cash flows from the project being funded with a revenue bond. Coverage ratio constraints limit the ability of tax-exempt entities to issue short-term debt: tax-exempt entities do not generally issue short-term debt to fund long-term projects. Further, transaction and administrative costs of rolling over debt are substantial for local governments, especially small townships. Interest rate risk can cause uncertainty in future debt payments, which can impede budgeting and possibly create situations where tax revenues do not cover interest expenses.
Second, while the level debt service constraint is decreasing function of maturity, the maturity of the issuance typically cannot be much longer than the length of the project being financed. These two constraints together ensure that most of the municipal debt issued will match the length of the project being financed and will thus be exogenous: not driven by the slope of the yield curve.
The tax-exemption feature of municipal bonds induces clientele effects on the demand side because demand is limited to investors that fall in high tax-brackets (Dvbig and Ross, 1985) . The dominant investors in the municipal bond market are households that own bonds directly or through mutual funds, and insurance companies (property and casualty insurance companies and life insurance companies). See Figure 1 for a breakdown of the percentage ownership of tax-exempt bonds.
Individuals are price risk averse and have a strong preference for short-term bonds. P&C insurance companies have a preference for long-term tax-exempt bonds due to the nature of their claim structure. P&C insurance companies are widely recognized as the major buyers of long-term bonds (specifically, maturities of 17-22 years). The above quote also points out that P&C insurance company buying is influenced by P&C insurance company profits. As shown in the following section, P&C demand for tax-exempt securities is strongly tied to profitability, which can often be influenced by insurance premium cycles and natural disasters. This means that at a potentially identifiable portion of P&C demand is exogenous to interest rate levels.
The model and description of investors in the tax-exempt bond market form the basis for a test of whether changes in the demand for long-term tax-exempt bonds impact term premiums in the tax-exempt market. As the demand for long-term bonds by long horizon investors (insurance companies) increases, less short horizon investors are required to hold long-term bonds and the term premium is expected to decline. The forward rate ratio is shown to be an ex-ante measure of the term premium in the taxexempt market.
III. Empirical Analysis
A. Data Description
Descriptive statistics of all data used in our analysis are listed in Table 3 The analysis includes control variables that are expected to influence the demand for tax-exempt bonds: stock market volatility as measured by the VIX of the S&P 500
is from the CRSP database and the percentage change in personal income is provided by the Bureau of Economic Analysis (BEA). The most important control variable is tax rates since they directly impact the forward rate ratio. We collect the top marginal personal tax rates from the Tax Policy Center.
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B. Methodology
We construct a methodology to empirically test the relationship between changes in maturity-specific supply/demand conditions and term premiums. The empirical proxy for the term premium is the forward rate ratio derived from the municipal and Treasury yield curves. The extent of long horizon investors is measured by a variable derived from the holdings of tax-exempt bonds by P&C companies relative to the supply of municipal bonds. If P&C demand reduces priced price risk, it will have a negative effect on the forward rate ratio.
Before examining the relationship between P&C demand and the forward rate ratio, a variable is constructed that reduces potential endogeneity problems with P&C company holdings of tax-exempt bonds. P&C company holdings of long-term taxexempt bonds potentially varies as a result of (a) increases (decreases) in profitability which result in larger (smaller) asset holdings and holdings tilted towards (away from) tax-exempt bonds -a shift in demand for tax-exempt bonds -and (b) changes in the implied marginal tax rate on longer term bonds -movement along the demand curve for tax-exempt bonds. Movement along the demand curve for tax-exempt bonds is the nature of the endogeneity problem. %& ℎ( ) * = + + , * % -. /(0 1 /2 * + * (6)
The estimated models of Equation (6) are presented in Table 4 . There is a statistically significant positive relationship between P&C Share and profitability. The fitted (i.e., predicted) value %& ℎ( ) * 3 represents the P&C Share due to P&C profitability at time /, which is exogenous to the slope of the yield curve, and the residual * captures variation in P&C share not due to profitability. These fitted and residual values are used in the models that used to predict implied tax rates and additional term premium. 
C. The Forward Rate Ratio and Exogenous P&C Demand Shocks
We estimate the effect of P&C demand on the forward rate ratio by running the following regression using Newey-West standard errors: % * = ( + 0 * %& ℎ( ) * 3 + 0 * )4 56(1 * + 7 8 9 8 + : * (7)
The vector 9 contains control variables, which includes the individual top marginal tax rate, change in personal income, and a volatility measure of the S&P 500 (VIX). We expect 0 to have a negative sign because greater P&C demand should lead to lower long-term municipal bond yields, resulting in less of a forward rate ratio.
Panels A & B of Table 5 provides the estimation results of Equation (7). Panel A utilizes the 5-and 20-year maturities and Panel B considers the 1-and 30-year maturities for robustness. We first run Equation (7) without the control variables and then again with the control variables. We also adjust the time period to include and exclude the time period of the financial crisis. In all cases, Table 5 reports 0 as negative and statistically significant. This indicates that positive P&C demand shocks have a negative impact on the term premium in the municipal bond yield curve. This is consistent with the idea that as P&C insurance companies demand more of the longterm bonds supplied by municipalities, fewer short horizon investors are required to hold long-term bonds.
Another result is that the 0 coefficient is positive in sign in all regressions. This is expected since the residual P&C Share picks up the P&C demand that moves endogenously with the slope of the yield curve. The percentage change in personal income measures individual investor demand for tax-exempt bonds, which we expect to be negatively related to the forward rate ratio since individual investors value taxexempt bonds when income is high.
D. Forward Rate Ratio and Arbitrage Capital
Tender Option Bond (TOB) programs are the most compelling mechanism to capture expected return premiums in the tax-exempt market as they are allowed to finance positions in long maturity tax-exempt bonds by issuing tax-exempt floating rate debt. We examine the relationship between the forward rate ratio and the net flows into TOB programs by including net TOB flows as an explanatory variable in the model estimated in Equation (7). The model is estimated over the 1995 to 2009 time period where net TOB flows are available. The net TOB flows data are annual and thus the value of the net TOB flow is the same for each quarter in a particular calendar year.
Clearly, this creates some noise in the measurement of quarterly flows.
There are two non-mutually exclusive potential relationships between TOB net flows and the forward rate ratio (i.e., forward rate ratio, which directly affects the profitability of the trade). The first potential relationship arises when one assumes that changes in the profitability of the trade arise from exogenous shocks to the demand for long-term bonds and that arbitrage capital reacts to the trade. In this case, when long maturity tax-exempt bond investors withdraw capital, the profitability of the trade increases, which attracts arbitrage capital. This case is consistent with the Vayanos and Villa (2010) model where additional risk-averse arbitrage capital requires a larger expected return before committing capital to the trade. In this case, there is a positive relationship between net TOB flows and the forward rate ratio. We refer to this as the endogenous arbitrage capital case.
The opposite relationship between net TOB flows and the forward rate ratio from the endogenous arbitrage capital case occurs when the arbitrage capital flows are exogenous. For example, suppose that arbitrage capital flows into this trade because of an increased investor appetite to invest in arbitrage/hedge fund type investments in general, or arbitrage capital exits because hedges backfire.
The results presented in Table 6 show a negative and significant relationship between net TOB flows and the forward rate ratio. The finding is not consistent with the endogenous arbitrage capital thesis. Rather, it suggests that the significant movement of capital into TOB funds around the 2005-2007 reduced the forward ratio while the rapid unwinding of these programs in 2008 caused the forward rate ratio to increase.
V. Conclusion
This paper provides an explanation for the muni puzzle based on supply/demand characteristics unique to the tax-exempt bond market. We develop a simple model that shows when the supply of long-term bonds exceeds the demand of investors with an equally long holding period, the yield curve carries an additional forward rate ratio. We use the model to show why the tax-exempt forward rate ratio is consistently greater than that of the Treasury curve.
The demand side of the tax-exempt bond market is dominated by investors with short-term preferences. The supply of tax-exempt bonds is segmented by maturity due to institutional constraints in such a way that the supply of long-term bonds often exceeds the demand by investors with long-term preferences. The excess supply must be bought by investors with short-term preferences, which drives up the yields at long maturities. Using the ratio of forward rates implied in the municipal and Treasury markets from 1982 to 2007, we show that the municipal forward rate ratio gets closer to the Treasury forward rate ratio as property and casualty insurance companies demand more tax-exempt bonds. This explains low implied marginal tax rates at the long end of the yield curve. Our findings complement existing explanations of the muni puzzle, such as systematic risk and liquidity risk, and help to shed light on the complex problem of relating taxable and tax-exempt yields. 1982Q2 1985Q2 1988Q2 1991Q2 1994Q2 1997Q2 2000Q2 2003Q2 2006Q2 2009Q2 The Newey-West standard errors are reported in parenthesis. Statistical significance indicated by: *** p<0.01, ** p<0.05, * p<0.1
